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ABSTRACT 

The  backscatter  of  acoustic  energy  from  the  sea  floor  has  been  measured  at  acoustic 
frequencies  of  34  kHz,  100  kHz  and  205  kHz.  Measurements  made  at  several  sites  near 
Darwin  are  reported.  Measurements  were  made  as  a  function  of  grazing  angle  and 
azimuth.  During  the  experiments  site  environmental  measurements  were  made  to 
characterise  in  detail  the  area  of  the  acoustic  measurements.  The  locations,  equipment 
and  techniques  used  during  the  measurements  are  described. 
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High  Frequency  Bottom  Back  Scattering 
in  the  Darwin  Area 


Executive  Summary 

Active  sonars  detect  contacts  by  transmitting  sound  energy  into  the  ocean  and 
listening  for  echoes.  When  the  echo  is  above  the  background  noise  level  detections  can 
be  made.  For  minehunting  sonars  the  background  noise  is  usually  dominated  by 
sound  energy  from  the  transmission  which  has  been  reflected  back  from  the  sea 
bottom  to  the  receiver.  This  is  known  as  bottom  reverberation.  The  level  of  bottom 
reverberation  depends  on  the  reflection  coefficient  or  back-scattering  strength  of  the 
bottom. 

This  document  describes  equipment,  procedures  and  results  from  experiments 
conducted  near  Darwin  to  measure  bottom  backscattering  strength  at  minehunting 
sonar  frequencies. 
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1.  Introduction 


Bottom  backscatter  is  the  sound  scattered  back  to  the  source  by  scatterers  on  or  near 
the  sea  bottom.  It  is  of  particular  importance  in  minehunting  sonars  as  it  generally 
forms  the  background  signal  against  which  the  sonar  must  detect  mines  and  mine¬ 
like  objects. 

The  basic  mechanisms  of  bottom  backscattering  are  not  completely  understood  and 
current  environmental  acoustic  scattering  models  [1]  are  deficient  in  their  capability 
to  reliably  predict  bottom  backscattering  strength.  Backscattering  from  the  sea  floor 
at  shallow  grazing  angles  is  broadly  correlated  with  the  bottom  type  classifications 
of  mud,  sand,  gravel  and  rock;  however,  within  these  bottom  categories  significant 
variations  in  backscattering  strengths  occur  and  knowledge  of  sediment  type  is  in 
itself  insufficient  to  predict  backscatter  strength.  Until  such  time  that  the  physical 
processes  are  properly  characterised,  at  sea  measurements  of  bottom  backscatter  are 
vmavoidable  if  accurate  estimates  of  backscatter  from  the  sea  floor  are  required. 

The  first  significant  report  of  experimentally  determined  bottom  backscattering 
strength  was  published  by  McKinney  and  Anderson  [2]  almost  30  years  ago.  Since 
that  time  several  authors  including  Boehme  et  al.  [3,4],  Jackson  et  al.  [5],  and  Starmic 
et  al.  [6,7]  have  reported  experimentally  determined  bottom  backscattering  strengths 
over  a  range  of  bottom  types  and  locations.  The  data  show  trends  that  are  consistent 
within  a  broad  general  framework;  however  significant  variation  exists. 

As  part  of  its  support  program  for  the  Mine  Hunter  Coastal  (MHC)  project.  Maritime 
Operations  Division  of  the  Aeronautical  and  Maritime  Research  Laboratory, 
conducted  a  series  of  bottom  backscatter  measurements  in  March  1993  in  Beagle  Gulf 
north  of  Darwin.  This  document  collates  and  reports  bottom  back  scattering  data 
from  those  experiments. 

Backscatter  experiments  were  conducted  at  the  frequencies  34  kHz,  100  kHz  and  204 
kHz;  over  a  range  of  bottom  grazing  angles  from  about  2°  to  40°.  This  frequency 
range  embraces  the  detection  frequencies  of  current  RAN  minehunting  sonars  and 
sonars  tmder  consideration  for  the  proposed  MHC  vessels. 

The  measurements  were  made  with  transducer  pairs  mounted  on  top  of  a  4  metre 
high  tower  structure  that  rested  on  the  bottom.  A  pan  and  tilt  mechanism,  remotely 
controlled  by  shipboard  personnel,  allowed  variation  in  elevation  and  azunuth. 
Envirorunental  measurements  conducted  in  support  of  the  bottom  backscatter 
experiments  included  side-scan  sonar  survey,  sound  speed  profiles,  sediment 
samples  and  stereo  bottom  photography.  The  equipment  and  procedures  are 
developments  of  those  reported  previously  by  Lawrence  et  al  [8]. 
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2.  Location 


The  experiment  sites  were  RAN  exercise  areas  207  and  214  in  the  Beagle  Gulf  north 
of  Darwin.  Area  207  was  about  25  miles  north  of  Darwin  at  the  western  edge  of 
Moresby  Shoals,  while  area  214  was  about  40  miles  west  of  Darwin.  The  water  depth 
in  Area  207  south  of  Melville  Island  was  approximately  28  metres.  In  Area  214  it  was 
close  to  38  metres. 


These  areas  were  defined  by  co-ordinates: 


AREA  207  12°  OO'S,  130°  38'E 

12°  04'S,  130°  38'E 


12°  OO'S,  130°  43'E 
12°  04'S,  130°  43'E 


AREA  214  12°  15'S,  130°  05'E 

12°  18'S,  130°  05’E 


12°  15'S,  130°  lO'E 
12°  18'S,  130°  lO'E 


Areas  207  and  214,  and  their  relationship  to  Darwin  are  shown  on  the  map  in 
figure  1. 


Longitude  (°E) 

Figure  1.  Location  of  experiment  areas  for  MOD  cruise  SS2/93. 

Side  scan  sonar  surveys  were  conducted  prior  to  the  bottom  reverberation 
measurements  to  identify  variations  in  bottom  characteristics  and  bathymetry,  and 
to  identify  suitable  sites.  These  surveys  showed  the  western  side  of  each  area  to  be 
populated  with  sand  ridges  and  undulations.  The  experiment  sites  were  therefore 
chosen  in  the  eastern  side  of  each  area. 
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Location  of  Experiment  Sites  -  Area  207 


11°  56' 


•§  12°  00' 
3 


12°  04' 

130°  35'  130°  38'  130°  43'  130°  45' 

Longitude  (°E) 

Figure  2A.  Locations  of  experiment  sites  in  area  207. 

Four  sites  were  occupied  in  each  area.  Nl,  N2,  N3  and  N4  in  Area  207;  and  Wl,  W2, 
W3  and  W4  in  Area  214.  These  stations  are  indicated  on  the  diagrams  for  areas  207 
and  214  in  figures  2A  and  2B.  Due  to  equipment  malfunction  no  data  was  recorded 
at  site  N2. 
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Area  207 

N4 

N3 

N2 

Nl 
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Location  of  Experiment  Sites  -  Area  214 


Longitude  (°E) 

Figure  2B.  Locations  of  experiment  sites  in  area  214. 
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In  southern  latitudes  early  March  is  the  middle  of  the  oceanographic  summer. 
Consequently,  sea  temperatures  were  near  the  annual  maximum,  and  at  some 
stations  exceeded  29°C.  Throughout  the  experiment  period  tidal  currents  up  to  two 
knots  prevailed,  and  equipment  bottom  time  was  restricted  by  these  tidal  streams  to 
less  than  5  hours.  The  time  window  extended  from  about  one  hour  after  slack  water, 
by  which  time  the  current  direction  had  stabilised,  to  about  half  an  hour  before  the 
next  slack  water  when  the  current  direction  began  to  veer  rapidly  (although  the 
current  was  weak)  and  the  ship  began  to  swing. 


3.  Equipment 


The  measurement  structure  was  a  tower  with  a  transducer  array  mounted  at  the  top 
on  a  pan  and  tilt  mechanism.  This  allowed  the  transducers  to  be  trained  in  elevation 
and  azimuth.  The  centre  of  the  transducer  array  was  4.08  metres  above  the  sea  floor. 
The  underwater  electronics  package  for  controlling  the  experiment  and  collecting  the 
data  was  mounted  within  the  tower  and  connected  by  an  electrical  umbilical  to 
shipboard  electronics;  thus  permitting  control  of  azimuth,  elevation  and 
transmission. 

Separate  but  closely  spaced  transducer  pairs  were  used  for  transmission  and 
reception  of  acoustic  signals.  Three  transmit/receive  combinations  were  used, 
corresponding  to  centre  frequencies  of  34  kHz,  100  kHz  and  204  kHz.  The  34  kHz 
and  the  100  kHz  transducers  were  internally  tuned  and  could  be  coupled  directly  to 
the  output  stage.  The  204  kHz  transducer  required  an  external  tuning  circuit.  The 
transmit  signals  were  unshaded  FM  pulses  of  1  msec  duration,  with  chirp 
bandwidths  of  5  kHz  at  34  kHz  and  204  kHz,  and  3  kHz  at  100  kHz. 

While  all  transducers  could  be  simultaneously  mounted  on  the  structure  only  two 
charmels  were  available  for  acoustic  data  and  not  all  frequencies  could  be  surveyed 
at  each  deployment.  Since  the  204  kHz  transducer  was  externally  tuned  it  was  left 
permanently  cormected.  The  34  kHz  and  100  kHz  transducers  were  connected  as 
required. 

The  bottom  reverberation  data  were  band  passed  and  low  pass  filtered  at  20  kHz 
prior  to  analogue-to-digital  conversion  at  100  kHz.  Digitized  data  records  were 
stored  to  write-once-read-many  (WORM)  disks,  together  with  system  control  log 
files  and  calibration  data.  At  each  elevation  angle  and  for  each  transmission 
frequency  returns  from  50  pings  were  logged.  Each  sequence  of  50  pings  took  about 
30  seconds  to  acquire. 

Calibration  of  the  acoustic  system  was  performed  with  transmit  and  receive 
transducers  facing  each  other  and  separated  by  approximately  2.3  metres. 
Cahbration  data  was  logged  with  the  same  hardware  and  procedures  as  for  bottom 
backscatter  data.  In  this  manner,  calibration  included  all  system  elements. 
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4.  Experiments 

Summaries  of  experiment  deployments  are  shown  in  the  experiment  data  summary, 
shown  in  table  1,  which  includes  details  of  deployment,  date  and  location. 

4.1  Experiment  Procedure 

At  most  sites  measurements  were  made  at  five  different  azimuths  separated  by  45°, 
i.e.  at  azimuths  of  -80°,  -35°,  +10°,  +55°  and  +100°,  measured  relative  to  the  +X 
direction  of  the  tower  co-ordinate  system.  The  beam  angle  was  varied  by  tilting  the 
transducer  array  between  2.5°  and  50°  from  horizontal.  At  shallow  angles  between 
2.5°  and  15°  the  tilt  angle  was  incremented  in  2.5°  steps.  Above  15°  the  interval  was 
5°.  The  actual  transmit  beam  angle  was  calculated  from  the  transducer  tilt  and  the 
structure  inclination.  Where  time  permitted  additional  sequences  using  CW 
transmissions  were  conducted  although  these  were  restricted  to  azimuth  10°. 

At  most  stations  azimuth  sweeps  from  -85°  to  +145°  in  15°  steps  at  a  constant  beam 
elevation  of  10°  were  also  performed. 

Variable  depth  sonars  typically  operate  between  30  and  40  kHz  in  detection  mode, 
while  for  contact  classification  frequencies  greater  than  200  kHz  are  commonly  used. 
For  these  reasons  measurements  at  34  kHz  and  204  kHz  were  considered  higher 
priority  than  at  100  kHz,  and  were  conduced  during  the  one  deployment.  Where 
time  and  conditions  permitted  data  at  100  kHz  were  obtained  by  recovering  the 
equipment,  swapping  the  34  kHz  and  100  kHz  connections  and  redeploying. 

Table  1:  Experiment  Data  Summary  Sheet. 


Deployment 

No. 

Task 

Site 

Date 

Time 

Latitude 

Longitude 

Depth 

(m) 

Sound 

Speed 

Temp 

37 

Cal. 

Darwin 

2  Mar 

10 

1540.0 

28.8 

38 

BBS 

N1 

4  Mar 

11:55 

12°  03.65S 

130°  41.80E 

28 

1543.0 

28.8 

39 

BBS 

N2 

5  Mar 

12:55 

12°  03.03S 

130°  41.93E 

* 

1543.0 

28.8 

40 

BBS 

N2 

5  Mar 

20:00 

12°  03.03S 

130°  41.93E 

* 

1543.0 

28.8 

41 

BBS 

N3 

6  Mar 

13:25 

12°  01.84S 

130°  42.85E 

28 

1543.6 

28.9 

42 

BBS 

N3 

7  Mar 

09:00 

12°  01.88S 

130°  42.86E 

29 

1544.0 

29.1 

43 

BBS 

N3 

7  Mar 

10:25 

12°  01.88S 

130°  42.86E 

28 

1544.0 

29.1 

44 

BBS 

N4 

7  Mar 

14:15 

12°  01.45S 

130°  41.18E 

29 

1544.4 

29.2 

45 

BBS 

N4 

7  Mar 

16:15 

12°  01.45S 

130°  41.18E 

29 

1544.4 

29.2 

46 

BBS 

W1 

8  Mar 

08:05 

12°  15.12S 

130°  08.75E 

38 

1544.4 

29.2 

47 

BBS 

W1 

8  Mar 

14:00 

12°  15.20S 

130°  08.87E 

38 

1544.4 

29.2 

48 

BBS 

W2 

9  Mar 

08:10 

12°  15.94S 

130°  08.92E 

39 

1544.4 

29.2 

49 

BBS 

W2 

9  Mar 

14:40 

12°  15.94S 

130°  08.92E 

39 

1544.4 

29.2 

50 

BBS 

W3 

10  Mar 

10:10 

12°  16.90S 

130°  09.18E 

37 

1544.6 

29.3 

51 

BBS 

W3 

10  Mar 

16:00 

12°  16.94S 

130°  08.28E 

37 

1544.4 

29.2 

52 

BBS 

W4 

11  Mar 

09:50 

12°  17.81S 

130°  07.53E 

38 

1544.4 

29.2 

53 

Cal. 

En  route 

11  Mar 

15:45 

(*  no  data  was  obtained  at  N2  due  to  equipment  failure) 
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4.2  Data  Analysis 

At  steep  ray  angles  and  short  ranges  the  effects  of  refraction  and  ray  bending  on 
transmission  paths  are  negligible  and  can  be  ignored.  However  if  the  sound  speed 
profile  is  not  isovelocity  then  at  the  low  grazing  angles  and  correspondingly  long 
ranges  which  are  of  most  interest  here,  the  sound  speed  profile  can  significantly 
influence  the  ray  geometry  and  its  effects  should  not  be  ignored.  Refraction  effects 
are  manifest  in  two  ways.  First,  as  a  result  of  ray  bending,  the  bottom  grazing  angle 
will  generally  be  different  from  the  launch  angle  at  the  transducer  array.  Second,  as  a 
consequence  of  beam  convergence  or  divergence,  the  area  msonified  wiU  be 
distorted  compared  to  spherical  spreading.  Since  the  backscatter  is  the  product  of  the 
backscattering  strength  and  the  area  insonified  the  area  needs  to  be  reliably 
estimated  in  order  to  determine  the  backscattering  strength. 

A  simple  ray  tracing  program  was  used  to  model  propagation  paths  between  the 
transducer  array  and  the  bottom;  and  to  relate  launch  angle,  bottom  grazing  angle, 
horizontal  range,  path  length  and  travel  time.  The  water  column  was  assumed  to  be 
horizontally  stratified,  with  the  sound  speed  profile  as  measured  at  the  time  of  the 
experiment. 

For  each  ping  the  mean  level  of  the  backscatter  return  was  calculated  by  taking  the 
RMS  average  of  data  points  corresponding  to  a  narrow  spread  of  angles  centred 
about  the  beam  elevation  angle.  This  angular  aperture  varied  with  the  secant  of  the 
elevation  angle  from  ±1°  at  60°  elevation,  to  ±0.5°  at  2.5°  elevation. 

The  linear  average  and  standard  deviation  of  the  RMS  values  were  computed  from 
the  50  pings.  Pings  whose  average  level  was  more  than  3  standard  deviations  from 
the  mean  were  rejected  from  the  data  set.  The  mean  of  the  filtered  data  set  was 
recalculated  to  give  the  average  bottom  return. 

The  bottom  backscattering  strength  S^  in  dB  was  calculated  from  the  equation 

=  RL-  SL  +  401ogr  +  2ccr  +  lOlogQ  -  lOlog^ 

where  SL  is  source  level,  RL  is  the  reverberation  level,  r  is  range  in  metres,  a  is  the 
absorption  coefficient  (dB/m),  Cg  is  a  correction  factor  for  ray  divergence  or 
convergence  [2]  and  A  is  the  area  of  the  sea  bottom  insonified  (m2).  The  beam 
spreading  correction  factor  Cg  represents  the  ratio  of  the  actual  area  insonified  under 
the  influence  of  the  measured  sound  speed  profile  to  the  ideal  insonified  area 
assuming  straight  line  propagation  and  spherical  spreading  in  an  isovelocity 
medium. 

The  absorption  coefficient  a  was  calculated  from  the  Francois-Garrison  equation  [9]. 

The  area  of  the  bottom  insonified  by  the  acoustic  transmission  depends  on  the 
transducer  beam  pattern,  the  length  of  the  acoustic  pulse,  the  grazing  angle  and  the 
range.  The  beam  patterns  of  the  transducers  were  circularly  symmetric  and  the 
insonified  area  of  the  bottom  was  taken  as  the  projection  on  the  bottom  of  the 
transmit  beam  at  the  -3  dB  points  of  the  beam.  Unless  the  grazing  angle  is  steep  the 
radial  extent  of  the  insonified  area  is  limited  by  the  pulse  length,  while  the  width 
depends  on  the  array  (horizontal)  beamwidth.  The  insonified  area  was  given  by 
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where  p  is  the  beamwidth  of  the  transducer  array,  c  is  the  sound  speed,  r  the  pulse 
length  and  6^  is  the  grazing  angle. 

Directional  transducers  were  used  for  transmit  and  receive.  The  effective  beamwidth 
Parray  of  the  Combined  projector  and  hydrophone  array  was  calculated  from  the  -3  dB 
beamwidths  of  the  projector  Pproj  and  hydrophone  php  by  the  formula  [2] 

If  the  transmit  and  receive  beam  patterns  are  identical,  as  was  the  case  for  this 
experiment,  Php  =  Pproj  =  P,  and  the  array  beamwidth  Parray  =  0.7532/?.  For  the 
transducer  pairs  used  the  resultant  array  beamwidths  were  12°  at  34  kHz,  11°  at  100 
kHz  and  6°  at  204  kHz. 


5.  Results 


The  data  were  analysed  to  determine  the  dependence  of  bottom  backscattering 
strength  on  grazing  angle,  azimuth,  transmit  frequency  and,  as  several  different  sites 
were  occupied,  bottom  type.  In  all  eight  sites,  four  in  area  207  and  four  in  area  214, 
were  investigated.  Due  to  time  and  tidal  constraints  it  was  not  possible  to  conduct 
measurements  at  all  sites  at  all  frequencies.  Measurements  at  34  kHz  and  204  kHz 
were  conducted  at  7  sites  while  data  at  100  kHz  was  collected  at  3  sites  only.  No  data 
was  recorded  at  N2  due  to  equipment  malfunction.  Table  2  shows  measurements 
conducted  at  sites  occupied. 

Table  2.  Site  measurement  matrix. 


Site 

34  kHz 

100  kHz 

204  kHz 

N1 

/ 

X 

y 

N2 

X 

X 

X 

N3 

/ 

y 

y 

N4 

/ 

X 

y 

W1 

/ 

/ 

y 

W2 

/ 

X 

y 

W3 

/ 

/ 

y 

W4 

/ 

X 

y 

5.1  Variation  of  bottom  backscattering  strength  with  grazing  angle. 


At  most  sites,  and  for  each  frequency,  measurements  were  conducted  using  FM 
transmissions  at  five  different  azimuths  spanning  -80°  to  +100°.  The  azimuth 
sequence  was  not  always  the  same  order,  but  the  pan  angles  were  always  spaced  at 


7 


DSTO-TN-0048 


45°  intervals.  Where  time  permitted  additional  measurements  at  azimuth  +10°  with 
CW  transmissions  were  made. 

The  transducer  beam  patterns  were  too  narrow  to  facilitate  measurements  over  a 
wide  spread  of  grazing  angles  at  a  single  array  elevation.  Close  to  the  array  axis  the 
beam  response  was  sensibly  uniform  but  it  dropped  rapidly  as  the  angle  off  axis 
increased.  By  restricting  the  measurements  to  a  small  angular  spread  close  to  the 
transducer  axis  the  effects  of  the  beam  pattern  could  be  ignored.  The  worst  case 
situation  occurred  with  the  204  kHz  transducers  which  had  the  narrowest  beam 
pattern,  but  even  in  this  instance  the  array  response  at  1.5°  from  the  beam  axis  was 
within  0.3  dB  of  the  maximum. 

For  each  transmit  beam  angle  the  bottom  backscattering  strengths  measured  along 
the  beam  axis  and  additionally  at  ±1°  from  the  axis  were  calculated.  The 
measurements  at  ±1°  conveniently  fell  in  between  the  2.5°  array  elevation  angle 
increments  at  the  shallowest  angles,  and  since  the  insonified  areas  did  not  overlap, 
these  estimates  were  independent.  Three  estimates  of  backscattering  strength  were 
thus  obtained  at  each  array  elevation. 

The  minimum  array  elevation  angle  was  2.5°  and,  as  data  at  one  degree  above  and 
below  the  beam  axis  were  also  analysed,  backscattering  strengths  down  to 
approximately  1.5°  grazing  were  potentially  available.  In  practice  this  limit  was  not 
achieved.  In  negative  sound  speed  gradients  downward  refraction  generally 
restricted  the  minimum  grazing  angle  to  more  than  2°.  In  positive  sound  speed 
gradients  rays  were  refracted  upwards  so  that  returns  from  the  shallowest  grazing 
angles  were  sometimes  outside  the  time  window  of  the  sampled  data. 

Two  other  areas  for  potential  data  corruption  existed.  First,  as  the  grazing  angle 
decreased,  the  sensitivity  of  the  calculations  to  uncertainties  in  raypaths  and 
transmission  loss  increased  to  the  point  where  the  uncertainty  was  sufficient  to  make 
the  backscattering  strength  estimates  unreliable.  Second,  contamination  by  surface 
backscattering  at  grazing  angles  below  about  3°  in  water  depths  up  to  18m  has  been 
identified  by  Boeheme  et  al.  [1,  2].  This  interference  appears  to  arrive  via  direct  and 
bottom  reflected  paths  and  can  be  significant  if  the  sea  surface  is  rough.  Its  influence 
is  apparent  as  a  jump  in  backscattering  strength  as  the  grazing  angle  decreases. 
Some  of  the  data  measured  in  this  experiment  showed  similar  characteristics,  but  it 
has  been  included  for  completeness.  A  third  possibility  for  data  contamination  exists 
in  that,  at  the  shallowest  grazing  angles  when  acoustic  returns  are  lowest  and  the 
system  gains  are  highest,  the  data  may  be  system  noise  limited. 

Results  from  the  backscatter  measurements  are  presented  in  graphical  format  in 
Figures  3  to  19.  The  top  graph  in  each  figure  shows  variation  in  backscattering 
strength  with  actual  grazing  angle  as  calculated  by  ray  tracing.  Generally  there  are 
five  and  frequently  six  data  sets,  corresponding  to  the  range  of  azimuths.  The 
different  symbols  on  the  graphs  represent  data  measured  at  different  azimuth 
angles. 

At  the  steepest  grazing  angles  measured,  backscattering  strengths  were 
characteristically  between  -20  dB  and  -30  dB.  As  the  grazing  angle  reduced  the 
backscattering  strength  decreased  so  that  at  the  shallowest  elevations  it  was  typically 
between  -40  dB  and  -50  dB. 
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MOD  SS2/93, 4  Mar  93.  N1 , 34  KHz  FM 


Figure  3A  Bottom  hackscattering  strength  at  34  kHz,  site  Nl,  area  207. 
Relative  azimuths  -80°,  -35°,  10°, 55°  and  100°. 


MOD  SS2/93,  4  Mar  93,  N1 . 204  KHz  FM 


Figure  3B  Bottom  hackscattering  strength  at  204  kHz,  site  Nl,  area  207. 
Relative  azimuths  -80°,  -35°,  10°, 55°  and  100°. 
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MOD  SS2/93,  6  Mar  93,  N3,  34  KHz  FM  &  CW 


Figure  4A  Bottom  hackscattering  strength  at  34  kHz,  site  N3,  area  207. 


MOD  SS2/93, 6  Mar  93,  N3,  Azimuth  scan,  34  KHz  FM 
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Bottom  hackscattering  strength  at  34  kHz,  azimuth  scan,  site  N3,  area  207. 


in 


Backscattering  strength,  dB  c>q-  Backscattering  Strength,  dB 


DSTO-TN-0048 


MOD  SS2/93, 7  Mar  93,  N3,100  KHz  FM  &  CW 
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MOD  SS2/93,  7  Mar  93,  N3,  Azimuth  scan,  100  KHz  FM 
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Figure  4D  Bottom  backscattering  strength  at  100  kHz,  azimuth  scan,  site  N3,  area  207. 
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MOD  SS2/93,  6  Mar  93,  N3, 204  KHz  FM  &  CW 


ire  4E.  Bottom  backscattering  strength  at  204  kHz,  site  N4,  area  207. 


MOD  SS2/93,  6  Mar  93,  N3,  Azirnuth  scan,  204  KHz  FM 


Figure  4F.  Bottom  backscattering  strength  at  204  kHz, .azimuth  scan,  site  N4,  area  207. 
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MOD  SS2/93.  7  Mar  93,  N4,  34  KHz  FM  &  CW 
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Figure  5A  Bottom  hackscattering  strength  at  34  kHz,  site  N4,  area  207. 
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Figure  SB  Bottom  hackscattering  strength  at  34  kHz,  azimuth  scan,  site  N4,  area  207. 
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MOD  SS2/93,  7  Mar  93,  N4, 204  KHz  FM  &  CW 
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ire  5C.  Bottom  backscattering  strength  at  204  kHz,  site  N4,  area  207. 
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Figure  5D.  Bottom  backscattering  strength  at  204  kHz,  azimuth  scan,  site  N4,  area  207. 
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Figure  6A.  Bottom  hackscattering  strength  at  34  kHz,  site  Wl,  area  214. 
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Figure  6B.  Bottom  hackscattering  strength  at  34  kHz,  azimuth  scan, 

site  Wl,  area  214. 
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MOD  SS2/93, 8  Mar  93.  W1 , 204  KHz  FM  &  CW 


Grazing  Angle,  degrees 

6E.  Bottom  backscattering  strength  at  204  kHz,  site  Wl,  area  214. 
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Figure  6F.  Bottom  backscattering  strength  at  204  kHz,  azimuth  scan, 

site  Wl,  area  214. 
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MOD  SS2/93,  9Mar  93,  W2, 34  KHz  FM 
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ure  7 A.  Bottom  backscattering  strength  at  34  kHz,  site  W2,  area  214. 
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Figure  7B.  Bottom  backscattering  strength  at  34  kHz,  azimuth  scan, 
site  Wl,  area  214. 
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MOD  SS2/93, 9Mar  93,  V\/2,  204  KHz  FM 
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Figure  7C.  Bottom  hackscattering  strength  at  204  kHz,  site  W2,  area  214. 
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Figure  7D.  Bottom  hackscattering  strength  at  204  kHz, azimuth  scan, 

site  W2,  area  214. 
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Figure  8A.  Bottom  backscattering  strength  at  34  kHz,  site  W3,  area 
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Figure  8B.  Bottom  backscattering  strength  at  34  kHz,  azimuth  sea 
site  W3,  area  214. 
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MOD  SS2/93, 10Mar  93.  W3, 100  KHz  FM 


Figure  8C.  Bottom  hackscattering  strength  at  100  kHz,  site  W3,  area  214. 
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Figure  8D.  Bottom  hackscattering  strength  at  100  kHz,  azimuth  scan, 

site  W3,  area  214. 


Backscattering  Strength  (dB)  c>5"  Backscattering  Strength  (dB) 


DSTO-TN-0048 


MOD  SS2/93, 10Mar  93,  W3, 204  KHz  FM 


ire  8E.  Bottom  backscattering  strength  at  204  kHz,  site  W3,  area  214. 
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Figure  8F.  Bottom  backscattering  strength  at  204  kHz,  azimuth  scan, 

site  W3,  area  214. 


Backscattering  Strength  (dB)  Backscattering  Strength  (dB) 


DSTO-TN-0048 


MOD  SS2/93, 11Mar  93,  W4, 34  KHz  FM  &  CW 
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re  9A.  Bottom  backscattering  strength  at  34  kHz,  site  W4,  area  214. 
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Figure  9B.  Bottom  backscattering  strength  at  34  kHz,  azimuth  scan, 
site  W4,  area  214. 
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9C.  Bottom  backscattering  strength  at  204  kHz,  site  W4,  area  214. 
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Figure  9D.  Bottom  backscattering  strength  at  204  kHz,  azimuth  scan, 

site  W4,  area  214. 
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5.2  Frequency  Dependence 

Several  papers  have  investigated  the  frequency  dependence  of  backscattering 
strength  at  grazing  angles  near  10°  over  sandy  bottoms,  and  a  range  of  dependencies 
has  been  reported.  In  some  of  the  earliest  measurements  published,  McKinney  and 
Anderson  [2]  found  frequency  dependence  slightly  less  than  5  dB  per  octave.  In 
more  recent  studies  weaker  dependencies  have  been  reported.  Jackson  et  al  [5]  in  a 
series  of  experiments  in  UK  and  US  waters  measured  slopes  between  1  and  2 
dB/ octave  over  medium  and  fine  sandy  bottoms.  Boehme  et  al  [3]  determined 
frequency  dependencies  between  3  and  4.5  dB/oct  over  a  sand  bottom  near  San 
Diego,  California. 

The  data  reported  here  show  that,  for  grazing  angles  near  10°,  at  most  sites  the 
backscattering  at  204  kHz  was  higher  than  that  at  34  kHz  by  about  6  to  8  dB, 
although  the  difference  tended  to  reduce  as  the  grazing  angle  decreased.  The 
exception  was  at  W4  where  the  scattering  strength  at  204  kHz  was  about  6  dB  lower 
than  at  the  other  six  sites,  and  little  different  from  the  backscattering  strength  at  34 
kHz.  At  site  N4  scattering  strengths  at  both  34  kHz  and  204  kHz  were  lower  than  at 
other  sites  by  about  3  dB,  but  the  difference  between  the  frequencies  was 
maintained. 

If  the  data  from  site  W4  is  disregarded,  these  results  suggest  scattering  strengths 
increasing  at  between  2.4  and  3.2  dB/oct  in  both  areas. 

Measurements  were  made  at  100  kHz  only  at  sites  N3,  W1  and  W3.  These  data 
approximate  the  measurements  at  204  kHz  at  the  same  sites. 

5.3  Variation  with  Azimuth. 

At  most  stations  azimuth  sweeps  from  -85°  to  +145°  in  15°  steps  were  also 
performed.  These  measurements  were  intended  to  identify  any  azimuthal 
dependence  or  anisotropy  in  backscattering  strength.  Since  the  experiment  sites  had 
been  selected  by  side  scan  survey  to  be  fairly  uniform  and  clear  of  irregularities  little 
azimuthal  dependence  was  anticipated. 

For  these  measurements  the  array  tilt  angle  was  maintained  constant  at  10°.  At  most 
sites  the  tower  structure  did  not  sit  exactly  horizontal  on  the  bottom  but  was  tilted 
slightly.  Consequently  the  transducer  tilt  angle,  which  was  measured  relative  to  the 
tower  co-ordinate  system,  differed  slightly  from  the  actual  beam  depression  angle, 
which  was  measured  relative  to  the  world  co-ordinate  system.  The  beam  launch 
angle  varied  about  the  10°  angle  of  the  transducer  tilt  by  an  amount  which  depended 
on  the  tower  inclination,  orientation  and  the  beam  azimuth.  In  practice  the  actual 
bottom  grazing  angle  differed  from  the  transducer  tilt  by  up  to  1.5°,  and  the 
difference  in  bottom  grazing  angles  across  the  scan  frequently  exceeded  2°. 

Where  included  the  lower  graph  in  each  figure  shows  the  dependence  of  bottom 
backscattering  on  azimuth  for  tihe  array  tilt  angle  of  10°.  Because  of  the  variation  in 
beam  launch  angle  with  azimuth  there  is  embedded  in  these  curves  a  slight  grazing 
angle  dependence  which  complicates  the  pattern  of  azimuthal  dependence.  These 
curves  are  intended  to  show  gross  dependencies  rather  than  fine  detail.  The  data 
from  the  azimuth  scans  are  consistent  with  the  elevation  data.  That  is  there  is  a  few 
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dB  spread  in  backscattering  strength  measured  at  different  azimuths  but  no 
consistent  dependence  on  bearing.  No  data  to  date  has  shown  strong  azimuthal 
dependence. 

5.4  Bottom  Characterization 

It  is  generally  agreed  that  high  frequency  acoustic  energy  is  scattered  and  reflected 
from  the  upper  few  centimetres  of  the  sea  floor  sediment  and  that  the  bottom 
backscattering  strength  depends  on  the  composition  of  this  near  surface  material  and 
on  the  surface  roughness,  although  the  mechanisms  of  the  physical  processes  are  not 
fully  understood. 

Generally  backscattering  strength  increases  with  increasing  sediment  grain  size.  Low 
backscattering  strengths  tend  to  be  associated  with  fine  soft  silty  sediments,  while 
coarse  hard  sediments  yield  backscattering  strengths  several  decibels  higher. 
Sediment  grain  size  and  sediment  composition  is  thus  a  useful  and  important 
parameter  in  characterising  the  bottom  back  scattering  strength  of  the  sea  floor 
sediment. 

To  complement  the  acoustic  data  analysis  bottom  grab  samples  and  stereo 
photographs  were  obtained  at  each  site.  During  the  experiments  bottom  samples 
were  obtained  by  a  grab  sampler.  At  that  time  visual  observations  estimated  the 
sediments  in  both  areas  to  be  predominantly  fine  to  medium  sand  having  a  particle 
size  0.125-0.5  mm  diameter  corresponding  to  phi  values  between  1  and  3,  with  traces 
of  finer  silty  components.  Bottom  photography  showed  some  evidence  of  bio- 
turbidation,  but  litde  surface  rehef  or  vegetation.  At  no  site  were  weU  defined  sand 
ripples  observed. 

At  most  sites  in  Area  207  small  shell  fragments  up  to  12  mm  were  evident  in  the 
samples  and  also  in  the  bottom  photographs.  In  Area  214  fewer  shells  were  observed 
but  small  pebbles  were  also  present.  Post  cruise,  die  proportions  of  gravel,  sand  and 
mud  in  each  sample  were  determined  by  wet  sieving  through  2  mm  and  63  mm 
analytical  sieves.  Sediment  compositions  are  shown  in  table  3. 
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Table  3  .  Sediment  classification,  SS2/93. 


Site 

Deplo5anent 

%Mud 

%Sand 

%Gravel 

Density 

gnVcc 

Porosity 

N1 

38 

6.2 

80.7 

13.0 

2.615 

0.473 

N1 

38 

4.8 

75.3 

19.9 

2.641 

0.497 

N2 

39 

18.3 

66.9 

14.8 

2.485 

0.487 

N2 

39 

12.0 

71.8 

16.2 

2.615 

0.525 

N3 

41 

8.5 

77.8 

13.7 

2.591 

0.543 

N3 

41 

15.0 

77.9 

7.1 

2.525 

0.502 

N4 

44 

9.2 

75.2 

15.6 

2.589 

0.470 

W1 

45 

5.1 

70.3 

24.6 

2.639 

0.416 

W1 

47 

8.0 

85.4 

6.6 

2.619 

0.468 

W2 

48 

9.8 

76.6 

13.6 

2.522 

0.458 

W2 

49 

11.7 

71.8 

16.5 

2.607 

0.474 

W3 

50 

10.5 

76.0 

13.5 

2.634 

0.448 

W3 

50 

11.3 

78.8 

9.9 

2.602 

0.438 

W4 

52 

16.0 

80.4 

3.6 

2.597 

0.458 

6.  Conclusion 


Bottom  backscattering  strengths  in  the  Darwin  area  have  been  measured  at  34  kHz, 
100  kHz  and  204  kHz  for  a  range  of  grazing  angles  from  approximately  2°  to  40°.  The 
lower  angular  limit  was  set  by  interfering  surface  reverberation  and  uncertainty  in 
the  transmission  paths  at  shallow  grazing  angles. 

The  results  are  consistent  with  reported  data  for  similar  bottom  types  and  show  a 
rapid  decrease  in  bottom  backscattering  strength  as  the  grazing  angle  decreases 
below  10°.  The  steepest  grazing  angle  in  the  experiments  was  40°,  so  it  was  not 
possible  to  determine  the  rapid  increase  in  backscattering  strength  as  the  grazing 
angle  approaches  90°  which  has  been  reported  by  Jackson  et  al.  [5]. 

No  significant  anisotropy  was  observed  for  grazing  angles  near  10°.  This  is 
consistent  with  the  lack  of  observed  sand  ripples  in  bottom  photographs. 

At  all  but  one  site  backscattering  strength  increased  with  frequency  by  about  2  to  3 
dB  per  octave.  This  frequency  dependence  is  in  the  midrange  of  rates  reported  in  the 
open  literature  for  similar  bottom  types. 
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